Purpose We compared types of complications leading to re-operations in open and closed distal tibia fractures treated by locking or nonlocking medial plates. Methods Ninety-three patients from 2002 to 2012 who underwent open reduction and internal fixation (ORIF) and medial plating for distal extra-articular or partial articular tibia fractures were identified. Charts were retrospectively reviewed to determine the incidence of re-operation based on the type of complication that developed. Fisher's exact and chi-square tests were performed to analyze the incidence of complications based on injury and type of plate used. Results Thirty-three (35.5 %) patients required re-operations: 28.6 % (n=16) with closed injuries had complications leading to re-operations compared with 45.9 % (n=17) of patients with open injuries (p=0.12). Patients with closed injuries were more likely to require re-operation due to hardware pain/prominence (p=0.03), whereas patients with open injuries were more likely to require re-operation due to nonunion (p=0.04). There were no significant differences in infection (p=0.66) or malunion (p=0.99) between groups. Locking plates showed higher costs but were not associated with decreased risk of re-operation. Conclusions There was a high re-operation rate associated with distal tibia medial plating, with significant differences in the reason for re-operation between open versus closed groups. Complication rates were not influenced by the use of locking plates. Results of this study suggest that methods be considered to reduce re-operation based on type of fracture, such as early bone grafting or the use of alternate implants for open fractures.
Introduction
Surgical fixation of distal tibia fractures is often associated with high risks of developing complications [1] [2] [3] [4] . Although infection, pain, and mechanical instability are responsible for the majority of orthopaedic surgical readmissions [5] , they are frequently unavoidable and result in re-operations. Identifying re-operation risks based on surgical approach for distal tibia fractures is especially important considering future changes in the healthcare system that may penalise re-operations. In the treatment of distal tibia fractures, intramedullary nailing (IMN) is associated with an increased risk of malalignment [6, 7] , and minimally invasive plate osteosynthesis (MIPO) is a challenging technique with contested advantages over plating via open reduction and internal fixation (ORIF) [8] [9] [10] . Several comparative studies on distal tibia fractures have demonstrated the utility of ORIF compared with alternative approaches due to the relatively low risk of complication development [11] [12] [13] [14] [15] [16] . A comparative study by Cheng et al. demonstrated no significant differences in outcomes among distal tibia fracture patients treated with MIPO compared with ORIF [8] . A retrospective review by Janssen and colleagues found ORIF resulted in lower malalignment rates compared with IMN, with similar rates of hardware failure and infection [11] . Joveniaux et al. reviewed 101 cases of distal tibia fractures and recommend the use of ORIF over definitive external fixation due to stable reduction without increased infections [1] . Because ORIF allows for greater ease of anatomical reduction, studies on re-operation rates following ORIF remain highly relevant in the treatment of distal tibia fracture patients.
When considering ORIF for treating distal tibia fractures, there is debate as to whether a medial or lateral approach affords superior outcomes. Lee et al. reviewed 88 distal tibia fractures treated with either medial or lateral plates and found significantly lower complication rates and fewer hardware problems with lateral plating [16] . Yenna's group simulated tibial loading and found no significant difference in mean stiffness between medial and lateral plates [17] . EncinasUllan and colleagues conducted a prospective study of 40 patients treated with medial versus lateral plating and found no statistical differences between groups regarding time to union and infection rates [18] .
Given that medial plating provides good tibial exposure with minimal dissection, ORIF with medial plating for distal tibia fractures is used in centres across the country. However, relatively few studies in the literature have reported re-operation rates following ORIF with a medial approach [12, 13, 16, 19] . Furthermore, no study has yet investigated factors leading to re-operation (i.e. use of locking versus nonlocking plates, open versus closed injury, etc.) for patients treated with medial tibia plates. In an era in which healthcare costs are rising, investigating these factors and their impact on re-operation rates is important. For example, although locking plates have many benefits, including fixed angular stability [9, [19] [20] [21] , they also are vastly more expensive than nonlocking plates and not always reduce the risk of complications [22] .
In this study, we sought to explore factors influencing re-operation in distal tibia fractures treated with medial plates and, more specifically, whether using locking implants reduces the risk of re-operation. By noting the factors that have significant effects on re-operations, better pre-operative planning for definitive treatment of distal tibia fractures may be facilitated by identifying whether ORIF with medial plating is a viable option.
Methods
Following Institutional Review Board approval, a retrospective chart review was performed using the electronic medical records system of a single, level I trauma centre. A search of the institution's orthopaedic database using Current Procedure Terminology (CPT) code 27758 found 2,246 patients who sustained an extra-articular or partial articular distal tibia fracture and who were subsequently treated with ORIF between 1 January 2002 and 30 January 2012. Of these patients, only cases that included treatment with medial plating were included. Cases that used other approaches to plating (i.e. lateral) or that combined medial plating with other surgical techniques (i.e. medial plating + lateral plating) were excluded. Patients with pathological fractures or incomplete medical records were also excluded. Records were searched for basic demographic data such as age, sex, race, and gender. The number of clinic and emergency department (ED) visits for patients, as well as mechanism of injury (high vs. low energy) was also obtained.
Radiographs and operative notes were reviewed to categorize patients with either open or closed injuries and fractures based on Arbeitsgemeinschaft für Osteosynthesefragen/ Orthopaedic Trauma Association (AO/OTA) classification. The type of plate used was also recorded. Patients were treated with either Synthes locking compression (LCP) or nonlocking plates with a variety of hole sizes. To calculate average differences in costs, the average cost of Synthes 3.5 LCP LowBend Medial Distal Tibia Plates with six, eight, or ten holes was compared with nonlocking Synthes 3.5 Medial Distal Tibia Plates with six, eight, or ten holes. The average cost for each type of plate was subsequently calculated.
Postoperative complications leading to re-operations were determined by reviewing the electronic medical records. Each type of classification was categorised into one of six groups: postoperative infections, fracture nonunion, fracture malunion, hardware pain or prominence, delayed wound healing, and compartment syndrome. All data were recorded into a secure REDCap database.
Baseline demographics were compared between patients sustaining open versus closed injuries using chi-squared or Student's t test. Differences in re-operation rates based on locking versus nonlocking plates were analysed using Fisher's exact test. Among all patients who required re-operation for complications, differences in the type of complication sustained by patients in the open versus the closed injury group were analysed using Fisher's exact test. A p value <0.05 was used to determine significance. All statistical analyses were conducted using standard IBM SPSS software.
Results
A total of 2,246 patients were identified using a CPT code search for individuals who sustained a distal tibia fracture and were treated at a single, level I trauma centre. Of these patients, we obtained 398 complete medical records of patients treated with a distal tibia plate. Ninety-three patients ultimately met inclusion criteria for analysis ( Fig. 1) . Table 1 provides demographic information for patients with medial plates based on fracture presentation. The average age for patients with closed and open injuries was 40 and 42 years, respectively. Most patients in both groups were men. Table 2 provides demographic information for patients categorised by use of locking versus nonlocking plates. Table 3 shows types of complications leading to reoperation based on open or closed injuries. The overall complication rate for all patients was 35.5 % (n=33). Patients with closed injuries had a complication rate of 28.6 % (n=16) and those with open injuries had a complication rate of 45.9 % (n= 17), showing no significant difference (p=0.12). However, there was a significant difference in the reason for re-operation between the closed and open groups. In the closed group, re-operation was driven by hardware removal due to pain or prominence: 50 % of those patients (n=8) required hardware removal due to pain, compared with 11.8 % (n=2) with open fractures who needed re-operation (p=0.03). In the open group, re-operation was driven by nonunion: 70.6 % (n=12) of those patients required revision due to nonunion compared with 37.5 % (n=6) with closed injuries who needed re-operation (p=0.04).
Only one patient in the study (1.1 %)-who was treated with a nonlocking plate for an open grade 3B (AO/OTA B1) fracture-developed malunion, with 10°of varus malalignment. There was no significant difference in re-operation rates for infection based on open versus closed fracture status (p=0.66). There were no incidences of compartment syndrome or delayed wound healing in this cohort of patients. Table 4 shows differences in the number of patients requiring re-operations based on plate type used; plate type had no significant impact on re-operations in either the open (p=0.71) or closed (p=0.99) groups or on the type of complication that led to re-operation (p=0.69). Figure 2 shows the differences in costs based on the use of locking (average US $1,823.33) and nonlocking (average of US $815.67) plates. Table 4 also shows re-operation rates based on OTA classification of the tibia fracture, associated fibular fractures and mechanism of injury (high vs. low energy) that led to the distal tibia fracture. Based on Fisher's exact or chi-square tests, these factors did not have a significant influence on re-operation rates (AO/OTA classification p values 0.28-0.68; associated fibular fracture p value 0.22; mechanism of injury p value: 0.07).
Discussion
Our study demonstrates an overall high re-operation rate for patients with distal tibia fractures treated with medial plates. We found significant differences in reasons for re-operation between closed versus open injuries. Patients with closed fractures were more likely to require re-operations due to hardware pain or prominence. On the other hand, in patients with open fractures, re-operation was more likely due to nonunion. Plate type had no significant impact on readmission rates between the closed and open groups, despite locking plates costing nearly US $1,000 more than nonlocking plates. Of the 33 (35.5 %) patients in our study who required re-operations, those with open fractures were more likely to require re-operations due to nonunion than those with closed fractures, regardless of plate type used. Considering that 76.5 % of all re-operations among open fracture patients were due to problems with bone healing, alternative implants and early bone grafting may be considered. To this end, a few studies have suggest that IMN followed by early bone grafting increases the chances of fracture union and could potentially be an appropriate alternative for treating open injuries [23, 24] . However, a study by Vallier et al. comparing distal tibia plating and IMN found that 11 of 48 patients (22.9 %) with distal tibia fractures treated with a medial plate required a secondary procedure following complications, which was not significantly different from patients treated with IMN [13] . Their study also found higher rates of nonunion and malunions for open fractures (p=0.0007 and p=0.04, respectively), but overall rates of re-operation due to nonunion or malunion were not reported based on surgical approach. IMN therefore may be a viable alternative in the treatment of open distal tibia fractures.
Hardware pain or prominence resulting in re-operation was much more likely among patients with closed injuries, regardless of plate type used. Due to the high rate of re-operations for hardware pain among patients with closed fractures (14.5 %), alternate surgical methods of repair may be recommended. For example, in a comparison of medial and lateral plating techniques among patients with mostly closed fractures, Lee and colleagues found that patients treated with ORIF and medial plating (75.5 %) were more likely to require hardware removal compared with patients treated with ORIF and lateral plating [16] . It is therefore suggested that ORIF with lateral plating may reduce the rate of re-operations following distal tibial plating. In our study, the majority (68 %) of patients with closed fractures had an associated fibular fracture, which would make lateral plating enticing given that a single lateral approach can provide fixation of both the tibia and fibula. Janssen et al. studied outcomes following ORIF and dynamic compression plates and screws versus IMN among patients with closed or type I open fractures [11] . Although there was no significant difference in hardware failure between the two methods, there was a greater risk of malalignment of the tibia with IMN. In light of these studies and our results, lateral plating for treating closed distal tibia fractures with fibular injuries may be an alternative to medial plating. In cases without associated fibular fractures, medial plating may be used with concerted efforts to reduce implant pain.
Our results show that re-operation following complications was not associated with plate type. Because locking plates allow for fixed angular stability, they have become more commonly used to treat distal tibia fractures [9, [19] [20] [21] . For example, a pooled analysis by Li and colleagues found minimally invasive locking plates showed no significant difference in complication rates compared with nonlocking plates placed by traditional open techniques, but the analysis was not limited to re-operations or the use of medial plates [25] . Furthermore, a study by Gao et al. investigating distal tibia fractures treated with polyaxial plates following either ORIF or MIPO demonstrated a 0 % secondary operation rate for fracture healing [19] . However, their study did not provide a comparative evaluation on reoperation rates with the use of conventional nonlocking plates and was limited by a sample of patients who had fractures with very short metaphyseal segments. In our study, we found that medial locking plates were not only more expensive (by∼US$1,000), but that they were also not associated with a significant decrease in re-operation rates. The type of plate used also did not have a significant association with the type of complication sustained. We therefore question the cost-effectiveness of the use of locking plates for distal tibia fractures. However, it is important to note that the number of patients treated with nonlocking plates in this study was low (11 with closed fractures; six with open fractures). Therefore, larger studies may be needed to confirm whether plate type has an effect on re-operation rate.
As policies aimed at reducing the costs of surgical care continue to develop, investigating all aspects of surgical care related to ORIF of distal tibia fractures with medial platessuch as mechanism of injury, AO/OTA classification or associated fibular fractures-is important for peri-operative planning. In our study, mechanism of injury and associated fibular fractures had significant impacts on re-operations for patients treated with a medial plate. Furthermore, whereas AO/OTA classification did not statistically have a significant effect on re-operations, only 12 patients in the study had a fracture classification that was not a simple extra-articular (A1) or a comminuted extra-articular (A3) fracture. Therefore, larger studies may be needed to fully elucidate whether AO/OTA classification truly has an effect on re-operation rates. Nevertheless, to our knowledge, no other study has investigated whether the mechanism of injury or baseline AO/OTA classification may have significant impacts on complications or re-operation rates for patients treated with medial plates for distal tibia fractures. Our study has some limitations that restrict its generalisability. One is its retrospective design. Although we had a fairly large sample size (n=93) compared with other studies focusing on distal tibia medial plating, the number of patients who required re-operations was fairly small. Therefore, the final number of patients who required re-operations for wound infection was low, with no incidences of delayed wound healing or compartment syndrome found in this cohort. Therefore, the lack of significant differences in re-operation rates related to these complications may be due simply to the small sample size. Additionally, all patients were treated at a single, level I trauma centre, which reduces the generalisability of our results. Because our patients were treated by several different orthopaedic surgeons, surgical skill was not controlled for and may be an additional source of bias.
Despite these limitations, our study provides preliminary evidence on differences in types of complications that lead to re-operations based on types of injury, without any influence contributed by the type of plate used. A randomised prospective study with a matched-pairs patient population is recommended to determine a more accurate representation of how these factors influence re-operations following distal tibia fractures.
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